ABSTRACT The requirement of a number of tissues for dietary nucleotides could explain some of the differences observed in animals fed natural ingredient diets vs. those fed purified diets lacking a source of dietary nucleotides. Lack of dietary nucleotides is exacerbated in animals fed folate-or methyl-deficient semipurified diets, in which both salvage and folate-dependent de novo synthetic pathways are diminished. We examined hepatocyte proliferation following partial hepatectomy in weanling male Fischer-344 rats fed natural ingredient NIH-31 diet, nucleotidefree purified AIN-76A diet or a basal diet similar to AIN-76A but deficient in the methyl donors folate, choline and methionine. Additional groups were fed AIN-76A or folate/methyl-deficient diets supplemented with 0.25% yeast RNA. Compared with NIH-31, AIN-76A increased dUMP/dTTP ratios, reduced the mitotic index (MI) and increased the ratio of proliferating cell index (PCI) to mitotic cells, an indication that hepatocytes were delayed in S-phase. Addition of yeast RNA to AIN-76A reversed (by approximately 50%) the effects of AIN-76A on dUMP/dTTP and cell proliferation. A folate/methyl-deficient diet also produced an increased dUMP/dTTP ratio and markedly reduced the MI, increasing the PCI/MI, which suggested even further delay of cells in S-phase. Addition of yeast RNA to the folate/methyl-deficient diet was effective in significantly reversing the effects of folate/methyl deficiency.
Many investigators have observed that animals maintained AIN-76A compared with mice fed NIH-07 (Lok et al. 1988 ). on purified or semipurified diets exhibit different toxicological
In contrast, the AIN-76A diet induced basal cell hyperplasia responses compared with similar animals fed natural ingredient of the forestomach of Fischer rats, whereas Prolab, Purina and diets and that animals fed a crude diet were at lower risk of NIH-07 diets, all natural ingredient diets, did not (Masui et cancer than those fed a purified diet. Ip (1987) found that rats al. 1990 ). Requirements for dietary nucleotides by a number fed purified AIN-76A formulation were more sensitive to 9,10-of tissues were reviewed recently by Carver and Walker (1995) . dimethyl-1,2-benzanthracene-induced mammary tumorigene-A possible increased requirement for a dietary source of nucleosis than those fed NIH-07 natural ingredient diet. Also, tides during rapid cell proliferation was discussed by Seegmiller B6C3F1 mice administered AIN-76A diet had a higher inciet al. (1977) . dence of spontaneous liver tumors and a higher incidence of Dietary nucleotides and liver. Novak et al. (1994) found both liver and bladder tumors induced by 2-acetylaminofluoliver weights and glycogen levels were lower in mice fed a rene than those fed NIH-07, a natural ingredient diet (Fullernucleotide-free diet rather than Purina Rat Chow, a natural ton et al. 1991). In addition, 2-acetylaminofluorene induced ingredient diet, or diet supplemented with nucleotides or adenhepatoblastomas, a malignant tumor of primitive liver cells, osine 5-monophosphate. Parenterally administered nucleoin animals fed AIN-76A diet but not in those fed NIH-07 tides promote recovery of liver injury due to dietary D-galactosdiet. The number of atypical pancreatic acinar cell nodules amine and improve liver function and nitrogen balance after induced by azaserine was greater in animals fed a semipurified liver injury or partial hepatectomy (Ogoshi et al. 1988 ). diet than in those fed a standard laboratory diet (Appel et Further evidence that liver may be conditionally depenal. 1990 ).
[ 3 H]Thymidine labeling and mitotic indices in the dent on dietary nucleotides comes from interaction of nuclecolorectum, jejunum and duodenum were reduced in mice fed otide-free diets and inhibitors of purine and pyrimidine synthesis. Methotrexate, a folic acid antagonist that blocks de novo purine and pyrimidine biosynthesis, was lethal to rats 835S DIETARY NUCLEOTIDES AND CELL PROLIFERATION plastic foci, nodules and carcinomas in rats maintained on purified diets has an adverse effect on nucleotide pools and cell proliferation, we compared the effects of various diets AIN-76A diet compared with rats fed a natural ingredient diet (Longnecker et al. 1987) .
with and without an added source of dietary nucleotides (yeast RNA) on soluble nucleotide pools and cell proliferation folNucleotide pool imbalances. Not only does the absence of dietary nucleotides place an increased demand on de novo lowing partial hepatectomy in rats. synthesis of purines and pyrimidines for DNA and RNA synthesis, this deficiency also produces imbalances in intracellular MATERIALS AND METHODS nucleotide pools, affecting the fidelity of DNA polymerase in DNA replication and repair (Das et al. 1985) . Numerous studWeanling male F344 rats (weighing approximately 100 g) were ies, primarily utilizing folate deficiency, have shown that con- and metoprine, an antifolate, and the misincorporation of ura-2.5 g/kg diet). Thus, the NIH-31 diet is representative of a natural cil is accompanied by fragmentation of newly synthesized DNA ingredient diet containing precursors for both salvage and de novo (Sedwick et al. 1981 ).
purine and pyrimidine synthesis, whereas the AIN-76A diet contains More recently, uracil incorporation into DNA of folatede novo but not salvage pathway precursors. The folate/methyl-defideficient HL-60 cells and lymphocytes was reported (Wickracient diet was administered as an example of a diet deficient in both salvage and de novo pathway precursors. Purine and pyrimidine masinghe and Fida 1993) . Increased dUTP/dTTP ratios decontent of the RNA used to supplement diets was equivalent to that layed progression of the DNA replication fork (Wickramasinfound in chow diet (Pizzini et al. 1990 ). Food and water were available ghe and Hoffbrand 1980) and passage of cells through the cell ad libitum. After 3 wk of consumption of the test diets, the rats were cycle (James et al. 1994 ) and promoted genomic instability anesthetized with ether and partially hepatectomized by the method (Pogribny et al. 1995) . In vitro studies demonstrated that inof Higgins and Anderson (1931) . Six rats of each group were anesthecreased dUTP/dTTP ratios promoted folate fragile site expres- Further evidence that an imbalance in nucleotide pools, in situ and determined as described previously (Cross et al. 1993) .
duced even further when compared with any other diet group, Liver tissue specimens were processed and scored for mitotic figures resulting in a greater PCI/MI ratio ( Table 3 ). The delay of and proliferating cells as described previously (Jackson et al. 1995) .
cell cycle progression due to lack of salvage pathway precursors Because of the large number of hepatocytes in some stage of replicawas further exacerbated by a deficiency of methyl donors for tion at 48 h after partial hepatectomy, cells in S-phase could not be de novo pathway synthesis of purines and pyrimidines. Defidistinguished from those in G1 and G2 with sufficient precision. ciency in both salvage and de novo synthetic pathways proConsequently, all PCNA-positive cells in G1, G2 and S were comduced a marked delay of hepatocytes in the cell cycle prior to bined as total proliferating cells. Statistical differences were determitosis. Supplementation of the folate/methyl-deficient diet mined by one-way ANOVA. When significant differences (P õ 0.05) with RNA significantly increased the mitotic index and debetween treatment groups were found, pairwise comparisons of all groups were performed using the Student-Newman-Keuls method.
creased the PCI/MI ratio. yeast RNA partially, but not completely, reversed the effect of AIN-76A on dNTP pools and cell proliferation. Folate/ RESULTS AND DISCUSSION methyl deficiency in the absence of dietary nucleotides resulted in a further increase in dUMP/dTTP ratios and a greater delay dNTP pools. Effects of diet on acid-soluble dNTP pools at of hepatocytes through the cell cycle. Supplementation of the the time of partial hepatectomy are summarized in Table 1 .
folate/methyl-deficient diet with yeast RNA increased the miThere was a significant decrease in dTTP in rats fed the AINtotic index, indicating a partial reversal of the effect of folate/ 76A diet compared with those fed the NIH-31 diet. Although methyl deficiency on cell proliferation. Failure of 0.25% yeast dUMP was also lower in AIN-76A-fed rats, a greater decrease RNA to completely reverse the deficiencies of the AIN-76A in dTTP resulted in a marked increase in dUMP/dTTP ratios. diet to support cell proliferation, compared with NIH-31 diet, Supplementation of the AIN-76A diet with 0.25% yeast RNA indicates that either the optimum level or type of supplemental lowered the dUMP/dTTP ratio to near that of NIH-31-fed nucleic acid was not used or that there are other necessary rats. Table 1 shows that dUMP levels were highest in the components in the NIH-31 diet missing from the AIN-76A folate/methyl-deficient diet group, resulting in the highest diet. In either case, our results suggest that increased toxicity dUMP/dTTP ratio of all the diet groups tested. Addition of and tumor promotion observed in animals fed AIN-76A and yeast RNA to the folate/methyl-deficient diet decreased both other purified diets may in part be due to resulting imbalances dUMP and dTTP but resulted in a lower dUMP/dTTP ratio.
in dNTP pools and interference with DNA replication. Further Cell proliferation. Effects of diet on the mitotic index and studies are needed to define the optimum level and source of number of PCNA-positive cells are summarized in Table 2 nucleic acids for reversing the deficiency of the AIN-76A diet and Table 3 . There were no significant differences among the and to determine whether increased dUMP/dTTP ratios lead various diet groups at any time other than at the peak of cell to increased incorporation of uracil into DNA under these proliferation 48 h after partial hepatectomy; therefore only conditions. data obtained at 48 h are presented. Approximately 80% of hepatocytes were positive for PCNA in all diet groups, and there were no significant differences in the proliferating cell LITERATURE CITED index among different diet groups. There was a significant and
